AbsTrACT background Quantification of the burden of overweight on the healthcare system is becoming increasingly urgent for health policy, but accurate estimates are hard to obtain. Methods In order to assess healthcare utilisation and expenditure of overweight and non-overweight children, we linked, on an individual basis, data on body mass index from a birth cohort study with administrative health insurance claims data. In children aged 14-15 years, we compared utilisation and expenditure on general practice care, dental care, hospital/specialist care, prescribed medication, allied healthcare and mental healthcare of overweight children (overweight at age 11 and 14, n=80) and non-overweight children (no overweight at age 11 and 14, n=1253). results For overweight children, mean 1-year healthcare expenditure was €837 per child and for nonoverweight children €616. This difference was mainly due to significant differences in utilisation of hospital care (49% vs 37%) and mental healthcare (14% vs 7%) and to a lesser extent to higher expenditure per user. Conclusion Our results indicate the potential value of linking survey data to claims data in order to obtain insight into the healthcare costs of childhood overweight. Further studies should elucidate whether the observed differences are causally related to overweight.
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InTroduCTIon
Overweight is increasing worldwide, and it has a high prevalence already in childhood and jeopardises health in the short and long run.
1 Quantification of the burden of overweight on the healthcare system and healthcare costs is therefore becoming increasingly urgent for health policy. Assessing overweight-related costs of healthcare is a challenge, however, as few data sources contain data on individuals' weight status as well as on their healthcare expenditure. In this study, we explore the potential of linking birth cohort data with administrative data to assess the utilisation and costs of healthcare of overweight and non-overweight children.
MeThods
According to the Dutch Health Insurance Act, all citizens have a mandatory basic health insurance and children up to the age of 18 are insured for free. Health insurance claims are registered by Vektis in a national database of all Dutch healthcare insurers and can be accessed, under strict conditions, for research. The Vektis claims data contain expenditures on different healthcare services, but no data on weight, height or other personal characteristics.
For this study, we used data of participants of the Dutch Prevention and Incidence of Asthma and Mite Allergy (PIAMA) birth cohort (n=3963 at birth in 1996-1997). 2 Questionnaire data, obtained when the children were aged 11 and 14 years (n=2231), were anonymised and linked to their health insurance claims by Statistics Netherlands (CBS). CBS functioned as a trusted third party, enabling the linkage between the datasets, while ensuring the privacy of the children involved, according to Dutch law (Statistics Netherlands Act 2003). Of the 2231 PIAMA participants, CBS successfully linked 98%, based on sex, date of birth, postal code and mother's date of birth (n=2222). For 1998 of these children, complete health claims data, provided by the insurance companies, were available in 2011 when the children were aged 14-15 years. Weight and height were measured and reported by the parents when the children were aged 11 years and again when they were aged 14 years (data at 11 and/or 14 years available for n=1453 of the 1998 children with complete health claims data). Body mass index (kg/m 2 ) was calculated and overweight (including obesity) was defined based on the International Obesity Task Force (IOTF) age-specific and sex-specific cut-off points. 3 Healthcare expenditure (€/year) and utilisation (% users, defined as individuals with >0 €/year expenditure) were compared between children who were overweight at age 11 and at age 14 (n=80) and children who were not overweight at age 11 nor at age 14 (n=1253).
resulTs utilisation
All children were users of general practitioner (GP) care. (For GP care, this means they were registered with a GP, but it does not necessarily mean they had contact with the GP.) With the exception of GP care and dental care, utilisation was higher among overweight children than among non-overweight children for all healthcare services (see table 1 ). Utilisation of specialist/hospital care was 49% versus 37% (p=0.037) and use of prescribed medication 55% versus 45% (p=0.087). Utilisation of mental healthcare was twice as high among overweight children as among non-overweight children: 14% versus 7% (p=0.034).
expenditure per user
Whereas utilisation of mental healthcare was relatively low, mean expenditure per user of mental healthcare was far higher than mean expenditure per user of any other healthcare service. Costs per user for overweight users and non-overweight users were €1528 versus €1389 per user per year for mental healthcare; €498 versus €448 for specialist/hospital care; and €337 versus €258 for 'allied healthcare' (care provided by professionals like physiotherapists, speech therapists, dieticians). These differences were not statistically significant (table 1) .
Total expenditure
Total expenditures were on average €837 (SD €1213) for overweight children and €616 (SD €915) for non-overweight children (p=0.07) (see last row table 1). Figure 1 shows the contribution of the main types of healthcare to these total expenditures. Mental healthcare and hospital/specialist care were the largest contributors to the differences between overweight and non-overweight children in total annual healthcare expenditure. Higher utilisation contributed more than higher expenditure per user to the differences in total healthcare expenditure between overweight and non-overweight children.
dIsCussIon
Higher healthcare utilisation and costs among overweight than among non-overweight children have been observed previously, but studies from Europe are scarce and have mostly relied on questionnaire reported use of healthcare services in order to estimate costs. [4] [5] [6] [7] The majority of cost-of-childhood-overweight studies have been conducted in the USA, based on linkage of data from the Medical Expenditure Panel Survey 8 with information from healthcare providers. [9] [10] [11] [12] [13] [14] Linkage of survey to claims data, as we did in our study, has been applied in Australia 15 16 and Canada, 17 but, to our knowledge, not in Europe. Our results indicate the potential value of this approach and suggest that linking survey data to claims data could also provide insight into healthcare utilisation and expenditure related to other lifestyle factors and conditions.
Although exploring the linkage of individual survey data to registered health insurance claims showed promising results, a number of limitations of our study have to be considered. We used a fairly strict definition of overweight (being overweight at age 11 and at age 14) to avoid including children in the overweight category who happened to have 'crossed the overweight cut-off ' at just one occasion. This resulted in low numbers of overweight users for some types of healthcare and consequently limited statistical power to assess differences in expenditure between these children and their non-overweight counterparts. We were unable to conduct separate analyses on obese children. In the Netherlands, the prevalence of obesity in this age group is <2% 18 and in our study population <1% of the children were obese at both the age of 11 and of 14 years. Also, we were unable to conduct more detailed analyses, such as analyses stratified for family socioeconomic status. Furthermore, we had no information on the health problems underlying the insurance claims so that causality cannot be established from this study. . †Care provided by professionals like physiotherapists, speech therapists and dieticians. ‡'Any healthcare', and the corresponding total expenditure on healthcare, contain-in addition to the services shown in this table-a few healthcare services with low utilisation and low costs, such as patient transport and healthcare used abroad.
§The Wilcoxon-Mann-Whitney test was applied to test statistical significance of differences; no p values<0.05 were observed. ¶Expenditures are shown in 2011€. In 2017€, they would be a factor 1.09 higher.
short report
In conclusion, our study indicates that already in childhood healthcare utilisation is higher among overweight than among non-overweight individuals and it suggests that linking survey data to administrative data offers promising opportunities for future cost-of-childhood-overweight studies. Further studies are needed to provide insight into the specific health problems of overweight children that underlie the excess use of hospital and mental healthcare observed in this study.
What is already known on this subject
► The burden of childhood overweight on the healthcare system continues to increase, but is difficult to quantify.
What this study adds
► Linking, on an individual basis, data on body mass index from a birth cohort study with registered health insurance claims data, we used an innovative approach to compare healthcare utilisation and expenditure of overweight and non-overweight children. ► In our general population sample of children aged 14-15 years, we observed excess utilisation by overweight children compared with non-overweight children of hospital care (49% vs 37%) and mental healthcare (14% vs 7%).
Figure 1
Total average healthcare expenditures* and expenditures per type of healthcare of overweight (n=80) and non-overweight children (n=1253).*'Total average healthcare expenditures' are the sum of the average expenditures on the different healthcare services shown in the figure.
They are slightly lower than the mean 'expenditures on any healthcare' in table 1 that include a few healthcare services with low utilisation and low costs, which are not included in this figure (such as patient transport and healthcare used abroad). GP, general practitioner.
